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(54) HYDROGEN STORAGE ALLOY, ITS PRODUCTION METHOD AND NICKEL-HYDROGEN 
SECONDARY BATTERY USING THE SAME 

(57)Abstract 

PROBLEM TO BE SOLVED: To further improve the 
amount of hydrogen to be occluded in a hydrogen 
storage alloy using Mg v Ni, rare earth elements, or the 
like, as the main constituting elements and to suppress 
the reduction in the reversible amount of hydrogen to be 
occluded caused by the occlusion and discharge of 
hydrogen in the hydrogen storage alloy. 
SOLUTION: This hydrogen storage alloy has a 
composition expressed by (Mg1-xRx)(Ni1-yTy)z (R is at 
least one kind of element selected from rare earth 
elements including Y, Zr, Hf and Ca; T is at least one 
kind of element selected from Co, Mn, Fe, Al, Ga, Zn r Sn, 
Cu, Si, Cr, Ti f V, Nb and B; and 0<x<1.0, 0<y<0.9, and 
3.0<z<4.5 are satisfied), and in which the area ratio of 
precipitated phases other than the composition present 
in the alloy structure is controlled to <30%. The hydrogen 
storage alloy is composed of powder in which the 
average grain size lies in the range of 50 to 200 |xm, and 
further having a grain size distribution in which the ratio 
of the components with a grain size of £22 is <30 vol.%, and the ratio of the components 
with a grain size of £250 |im is <10 voL%. The Ni-hydrogen secondary battery contains the 
above hydrogen storage alloy as a negative electrode material 
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(54) i&mozm **^S£t*®«i6m *±wtn*«ir»fc=yy^-*«=*«» 

(57) [£ffi] 

[Hi] Mg» N i*J:t»±*7»ft2*±WPIrt 

[fl?ft¥@] (M gl _ x R x ) (N i ,_ y T y ) z (Rtt 
Y*#ty*±S7ClR, Zr, H f fe«ttfCa*^atfti 
5'>fc< i:fcl»<D7E3g» TfiCo, Mn, F e» A 

K Ga, Zn, Sn, Cu, S i, C r, T i , V x 
Nbfe<fct>*Bfre>gf£ti?>'>&< fcfeia©7c*» 0<x 
<1, 0<y<0.9, 3.0<z<4.5) T'^nSIMt^W 

fflS^mffi©iE«±*30%«Ti:-rs. 
@22 ft ■aTO«*W t 30WBI% WT, &7&250 ft itt± 
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[M*9l] HR£: (Mg,_ x R x ) (Ni,_ y T y ) 

(St, RI4Y*^tr«±a?c*, Zr, HffcitfC 
a*»6atftl**ft<fctia©7ai8*, TSCo, M 
n , Fe, A K Ga v Zn, S n , Cu, Six C 
r, Tl, V, N bfc«fctfBfr€>afcm«4>ft< £t>l 

m<D7xM*7fiU x, y&<fctf za-wfntKxo, 

0<y<0.9, 3.0<z<4.5£jf!JEf S^Tfei.) TUB 

%«TT** Set 4: f 5 *JR9URfi&. 
[11*31 2 ] fS*9 l E£«0zk*(RIte&fc*5^ 
T> 

tfifE^ti, tltf 50-200 p nOKHOlSK** 4 £ 

[ff*93] M*«2»E«0**!Sa-&*f«:43V^ 
T, 

T, S^@250 /t iW±©di»*M0«aH% WTOSJS^* 
**Tt 5 c 4: 4: f S*XRK&&. 
[If*94] Hfc£: (Mg,_ x R x ) (N i i_ y T y ) 

C afr58tfft5^ft<4:fcl«©7SR*, TliCo, 
Mn, Fe, Al, Ga, Zn> Sn, Cu, Si, C 
r, Ti, V, Nb:feJ:tfBfr6atfn54>ft<i: l fc>l 

a©7c^*^L, x, y*5j;tj : z{i j en ; eno<x<K 

0<y<0.9, 3.0<z<4.5*m&t%$l.T$>%) X'MM 
4:ft£, tt : ?g22MiiiWTOia^30(*SI%WT, 

[ii*95] is*«ift^LH«a4ov^n^ia 

Mf2£&<D«g B a B t;i:, C e 2 N i 17 §jiig B B B *§, G d 2 C o 
7 £ttMS, PuNi 3 SJ^ B B B ffl, *J:tflMU4>IHMKfi 

[ff*96] HRS: (Mg,_ x R x ) (Ni,_ y T y ) 

(St, RttY*^trt&±SJ7E*, Zr, Hf*5<fcQ*C 
aA>6Itfn5'>%< i:tlffl©7C**» TttCo, M 
n, Fe, A I, Ga, Zn, Sn, Cu, Si, C 
r, Ti, V, NbiBJ:tfBfr6afcrn*4>a:<i:fcl 
«£>7n£#^U x, yfc<fcO : z(i^n ; Fno<x<l, 
0<y<0.9, 3.0<z<4.5*SIJEf5»Tfc3) T'flft 



a9iB^&C» LT800lCtiU:TlJai5^OBjS J: t) lOt 

5oo°c s t * 1 1 /&&±0mattiKvtim+ % m 
[ii*9 7 ] w*9 6 ffi*o*x»«£&©!!Bfi3efa 

[11*9 8 ] 11*9 6 $ fc tiffi$g 7 KKQTkJRQUX 

md3msm.<D'&&*, ¥i3*i?g#50~200/iin<DgBH 
4: a 5 «fe 3 Jcf&# L TttfWM- * IS* * I" 5 c 4: 

WK*&^0£&«M*ti , @22 n tur (oa^x 

{*»%«T, tt? @250 p iJW±©fig»««10(*a%«"F« 

[w*9 1 o ] 7km<&m&&z<s:tsfk® t , Misaa 

4:-b7'?i/-^^LTESI^ti, -v'r)\'WHm*'$ts 

M!ffi4:, fijfg«?fiffirttc?t«5n§«(SfS4:^Mffit- 5 

h5I2^®{±, 11*9 1 Lli*9 5 (D^ttlfr 1 9fS 
«<DzteR»*&&**tr c 4: ft 4: f *- >v y;b-7k 

[ii*9 i i ] mmmutt *t § «§csi^@ 4: , & 

*«!**-r*c4:*#«4:-r4/N>rrUy Kit*. 

[»*9 1 2 ] sam»4: LTi^wt»**pr 

MiaH5Wt?fitt, W*9l 0 tm<D- v >T)];-7k$k--k 

[0001] 

•y{r;l/*J:tfR7eiS (R7C*: Y*-&tr*±3S7aR, Z 
r, H f fcJctfC a3&»6atfns^ft<4:feia) *± 

[0 0 0 2] 

[&#<DfiflS] -<v5r;I/ (N i) -7KSS-^«ta4:LT 

(±, c a c u 5 mmgk*±mt?z%;±m-N \ 

rSit-&Vl>T'&Z> L a N i 5 3R©*JR»jSE£&» afe^VHi 
Ti, Zr, VfcitfN i ^afiSt7C^4:LT^*-r57 
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[0 0 0 3] ^±^-N i Zk&mfflit'&m*, L a N i 
% A B 5 a <fc 0 fe£*c*tr£MIIKfc**tf, A B 5 m 

a5*MgTfi«!b/cffl^wr«Mg-N i -m±m& 

[0 0 0 4] ±ELf;Mg-N i -flhUB^"^©? 

0J;U£L a ,_ x Mg x N i z&S&l&mtcD&fefe. 
isS^TcWc, 7ksS©»ffi2fi*«£/h£ ^ i: <^ 3 ^ 
B^LTl^c £fc, WP^¥ll-217643^^{C{i, 
Mg 2 L a N i gffl^T- P u N i 3 iyiiglHf§ig£^-f 5* 

^B5^^te«^nr</^^ ccDMg-N i -#± 

3E?ifM^^<ti,>3Fum££LTV^ 0 
[0 0 0 5] -75", ^¥11-323469^1^^, M 
g, N i &£Zf%;±m7i : m%±^Ml$.7t%t U> L a N 
i 5 &7k*i&jKl^Ctt^Ttt»:}o J:tfJt«S 0 <D7kH 

ffiWft^UTfflV^ilfctioTx LaNi 5 ^7K^® 
K'&A«d«rtl«*«*.«:zuWKIIlK:Jt'<TWS«Tf, 

(n i -*jfcr*w© zmmtzctimmtiiZo 

[0 0 0 6] 

om g „ n i *j:t;ft±a7ais%±s«wt7c*fc-rs* 

{bfti?£$lSi-rS±T\ oIiMW7K*fRM^=kt)-Sffi 

[0007] n i -7km-%mmz. vf-v 
[0008] *%mtc<D&o%mmictt&?zrcit>K. 



N i -**:3WKl!L 43«fctf*n* 

[0009] 

ftfett, W#B 1 teK« Lfc «fc 3 1, 
-IRS: (Mg,_ x R x ) (N i ,. y T y ) z -0) 
(S*, R{iY*-&trtS±a7c3R, Zr, HfteitfC 
afr5StfttS4>ft< fcfclffl©7BR*, TiiCo« M 
n, Fe, A K Ga> Zn> Sn, Cu, Si, C 
r, Ti, V, Nb&£XJrBfrt>Ml$nZ,'J>%:< £&1 
M<DnM*7jkL, x, yfcitf zfi^ti^tttKx^CK 
0<y<0.9, 3.0<z<4.5£«£'T&3&T-&3) TUM 

wtca«n5fflrit*w-r57k3Rf»Be^T*-3T, me 
^<DS^rttc#ffi-r5ffl^^«Ttuffl©satb^3o%j.x 

[0 0 10] ccd J; 3fc> *&me>m l 0**[ftlte& 
tfc^Ttt, IBfijcnflTttiffi (±ELfc(l)j£©&£IEH 
n©#ffflffl) ©tfa«**«C<8*LTV^fca& % (1) 

3ft*sR«]«^tt, tt&r«*»g®iBfi^*affl 

[0 0 1 l] *8W©S2©7k5B»K£&tt, iS^S4 

iSS^**-r 5 ^fe»ftab^ & ft 5 *3RRK^7?S6 o T , 
!Wi5^BM*tt, M^50~200 p ■©(EHT?36 § 

S? : S22MniOT0^7bW«%J.XT, 

[0 0 12] CO«k3K, *%W<D%2<D7mmi&& 

©iaft^s^SMmcas^icioT, 7K^®js 

*HWOlB 1 <&7k*BW#&fcttbTa/H-f 5 C 
[0 0 13] *«W©**KJR-&*©«aKrffitt, 

a 6 Kisaufc «fe 3 ±i5Lfc(i)a-pim«fca« 

E££fc# LT800 < CJ^±T'Hijfe-&^cD^ < i: ») lO°Cfg 
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& 6 soor ST-^i •c/#&±<0iBgt.taKxiwt z «ya 
fcjKMiaaiBftToAaaRiBfi, 7 tee* ufc «t a 

fc, 0. 5~iOOBf RgoKHfc-rs C fctfjffg; U\ 
[0 0 14] *»WC»**!8»'&&©l!lia*ffi{i, £6 

T^tt^FStf 5O~20O /i nXOSBB ft 5 «fc 3 5 1 

[0 0 1 5] ±aLfc<kdfC, Mg, NifeitfRSi 

sum mm^^mm^^m^^micum 

CTx«¥i5)i6i?@A' i 50~200 /i mCDlSH ft 5 «fc 3 fc«M* 

[0 0 16] *«W<0--y^-*S|-^Wtffl{4» ±12 

T, IfS^l 0fcSE«Lfc.J:3ic, 7k*«M^*"&t? 
ftff£* fii£ft«i:-fe/<U-**7>LTE«Sn* --y 

[0 0 17] £fc, *^c0--y^;l/-7K*r^«jftO 

jsfflsa. -rftt)^/^yu -y Kitt«»n«9 1 1 k 
bm&hi 2fcte«Lfcj:5{c, ami: u-cr#i 

fc*%0flo- -y tnl-fcmz. XMMfr 5> ft 5 c i: 
[00 18] 

[^w<Diisso«sg] j-xt> *&m*nmtzrcsb<D& 

[0 0 19] *56WO*JR!»a^tt, 19%%/1)J* 
.(Mg) , ^-y7-;U (N i ) *3<fc0R7E«*±S«^7C 
fg£LT$t?#£fr£ft5t><DT'&oT, 
-fiSS: (Mg,_ x R x ) (N i ,_yT y ) z -(l) 

(M gl _ a _ b Rl a R2 b ) 



a^e.a«n4 / >ft< fct,ia©7ciR*, tijco, m 

Fe, AU Ga, Zn, Sn, Cu> Si, C 
r, Ti, V, N bfcitf Bfr6igfc?n5 / >ft< fcfcl 
8£>7U*£^U x, y*«fctfzttWeftO<x<U 
0<y<0.9, 3.0< z<4.5£P£-f 5&T*&£) T'HS 

[0 0 2 0] J^Lfc«fc3ft»a*tff S*JR«0W*& 
(4, L a N i s^OTkSRfflai^ftHfcJt^T, 0!l*ffl 

N l *5£VZ<DWWi7cm (Trim) tim<DWM. • AtB 
*fT30fcfcLfcll8fi^£»JS-r3fc©-Z*&3o Rrc 
3Ri:UT{4Y*^tr*±«7aR, Zr, Hfft<fctfCa 
7>P>itlt4tl5'>ft< fcfcl»D7t**ffl^SCfc#"l?£ 
t#tc#±g}7uig (Rl) 

[0 0 2 l ] $5){C, **!SW'&&%S!ttfiEfl:-r*± 
t?, R7t3SfC«La, Ce, P r, N d fcitfYfr £ig 
I4"ft 3 '>ft < i fc l «©7CiR*ffl ^SCitf!ffSU>. 

4 5 «y 5/ a ^ ^ V5 c i: t , c nfc «fe D 7k 

<fcdft5-y>'a^;l/£:L-n4, ^iJ^ifC e U-y^ft5 
7->a^?;l/ (Mm) ^La'Jyfft^-r^i^^ 

(Lm) ftiffc^WSCfctfTSSo 

[0 0 2 2] Mgfctt**R7«©BS«xttO%iffl*l 
*?SlOi5Hi:-r5 0 R7c*tj:4M^fix^LiOJ:3ft 
IBatC-r^C^t^oT, Mg-N i -R3S^OtK3R 

ci:^T$5o B$«xf40.3~0.95©iSBi:-t3c:i: 
^40!ff$L<> * P.tC»S L < (40. 4-0. 93(DmWT 
fe4o R7iflRt«fc5BSISx*0.3JeU:i:-r5<ii:i?, 

»x*a95J«Ti:-r5cf:tJ:oT, *S5©aai1#tt* 

[0 0 2 3] ±a?LfcR7t^oa^, Zr, Hf 
fe«tt?C a^6a{4n5'>ft<tfeia©7C* (R27t 
3R) (4, #±Stc^ (Rl) fcraa&JSiSjb^TtS 

7t^Tfe§*\ ^e»tc^±a7t^ (ri) t^ffl-rsc 
ft<> Tkmmthmmzzmibzcttfvzztmc. 

vjmtftSo C©«fe3ftR27BRfcJ:*MgOH»at40 
~0.4©SSB£-f 5Ct#»a:L<, ^6tC»^L<(40 
~0.3Oi5HT-fe5o 
[0 0 2 4] COJ:3ftCfc^6, #fgW<07kiilKM£ 

i ,- y T y ) z "(2) 
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(Stf, Ri«Y*#tr»±S7eR!{)^affns'>*< 

4:"t>ia07CJR*, R2f4Zr, Hf**tfCafr6»i 
no. 3^ a ^0.95, 0^b^0.4, 0. 3^ a + b £0. 95^)S 

js-rsft-efcSo cft6cuw:(i)Sfcrai;T**) i? 

[0 0 2 5] ±8ELfc(l)fc«fctf(2)£fcfe^T\ TfcM 

a6*ja»T»*. N ija^©-«*±iELfcT7E3R, f 
ftfc^C o, Mn, Fe, A 1 , Ga, Zn, Sru C 
u, Si, Cr« TU V> N bfcitf BfrSSlfttS 

ti. T7C3R*^5S»Wfc:7k*i:SlSL!S:i/Vc*, tftb-fe 

TtmvmijQia: k> Tmw8&&<Dwm • maumMic* 

ft3o 

[0 0 2 6] CO* 5 Tt£^{cJ:^B^ 

fi y m*mx. $ no* &* « c t # * * § 0 fc je u 

N ifiK»(OT7t3Rt±«lISUIy*V).9W±i:ft«fc, 
Mg-N i -R*^©»IWI3B*'»L<«fl:LT, 

yl±O%Mx-O.9%iffi0)&mt?% o »3»yi40.005~ 
0.8<QiBB£-f3c£#J:>)$?3:L<, £5>{c£?£L< 
140. 005-0. 5<DfBBT-&3„ 

[0 0 2 7] ±IEL;fc(l)iM5«fctf(2)£T7S£ft5Mg 
-N i -RX6&£43^T, N i i:T7E*0£fte*!« 
z CH^Jt) f43.0^SK.4.5*)S|cOSgHi:-ri.o 

N i tTnMoytVrStiMz** 3.0£iSx.4.0* 
ffi<omm 1 1 5 Ctic <fc rjT, ftftO*JHRJR * SfetU 

a, a^ffittik^ £©7knwg • tttumtAqi l < ipj± 

TC^cD-^ff^Wa z t43. 2-4. 4©$BBi:-f § C fctfj: 9 
ff*L<, «5fcS*L<tt3.2~-3.80«5H?*« o 
[0 0 2 8] 5 *5SWo*3RWK^t4, ^(09 
«ft#C e 2 N i 17 Sttfiffl, G d 2 C o 7 £IS£& P 

u n i 3 i^g B m «j:cflHmoiiWffiB«#r«ffi^ 

5>ilfcfn5'>ft< fcfelo©ISfiffi**&*ifi**-r* 

[0 0 2 9] JtaLfct&MBCS*, Ce 2 Ni 17 ilO 
ISMtififc L < {4Sm©i^ B HSjg(47 I N^ B l^{cJit5 
©T'fe 0 , S fc G d 2 C o 7 M4MMim* PuNi 3 I 

<m&mms t l < » e n e. Ksmo^ B i^ii(4gEtt: 

a*fcK-f5t>©T?SSo *UT, Mg-N i -R36^ 



[0 030] *5SWO*jRK«^{4, ±2 Lfc * 3 ft 

&««rttc#ffit*iia«n«fiBffl©«*®«JtT?3o%w 
±eLfc(i)s j p(2)*Ta«n*awEiirto*a cams 

MfrtHffl, -rftt>-6±Ebfc(l)SO»iMBH^6*Hi 
3#rtt!*§©* (flrfflfi) *iBWte30%ttTi:UfcfeO 

[0 03 1] CCD4:5{C, *%9!0&j£ffHrt0)£&l§ 

settlor, jjELfc(i)ajf>(2)s^a*n*aa 

**TT«Mg-N i -R3S^O«H4. * ftb^RfiBtt 

■r**aiwo«Bfi*ffi%afflUT» Mg^T^ft^cD 

[0 0 3 2] ffi^«rtBffl©«fm«*TOJ±T?30%%ffi 

hfeft^o -Tft^^, ±iaL7c(o^ j f>(2)^Ta$n5 

fflfig^^-T 5 M g - N i - R JR^A+JlECffttt-HJ-K 
^J*^^5Ci:^T-tftV\ cnfCfc^T, Mg-Ni 
-R3R*ftft*»f«i:LTfflV^N i -7K^-^*ffi 

S^«fffiffi©*ftB«(4, EajrbT'20%OTi:-r 5 c i: 

[0033] ±jEi/fc»«^ttTttiffioaauttt, ^ss 
m.=Fmwm (s em) tiOKKsnfcsim^flDn 

yh7Xh^ X^^^D7t7^f- (EPMA) 

©v -y tf y ^©7t^©it^ft if fc»-3v>Tiii^, iww 

(iaart#fffiffi«rA/Tv^Tt)j:t^ tit. ^i^{4"x^ 
^-mLxm^mk (e d x) rw^fPii-rs c t 

(4, SW^ffT-g^^nfc¥ffi^K<7)^(*fflffi^Wt 
465>n?.o 

[0 03 4] 01 tt*«WO*JRKjR^«) S E Ml^ 
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IBH±#OSSS) xioo (%) ] JfcKlti-rscfcKJ: 
[003 5] C CT\ 01 kfc^T, 3 {i«JS^*56W 

*t^«H£f*©ffl«fr5ML3I^T, fflriW*raffi2 

*T»J:V\tfc »*L<»4l00~1000ffiKOttH'P*4. k 

[0 0 3 6] ±i£Lfc«J:5fc*&W©*J8f«£&H\ 
mtf¥i§fi?1Itf50~2b0^m©®B©ffift£ LTfflV> 

Jfi##30fle»%ttTs S?®250 it n£l±Ol£ttm0tm 

OffiT*«iWr5Ci:*^r(l6i:*So •Tftfc'S, s**§ 
[0 0 3 7] 7mt&M'££W)&<D¥i%m i ?-mm0iia* 

§ § fca6> ■9-1' * /1/Wtt#« < & 5 4: « 

[0 0 3 8] *52WK*S**i8«^ia(t{4, fBfif 

(c «fc 0 ff « c fctf-ct, c <D«t 5 ft»5M»*{ij&r*t 

*4»*K*t^T, ¥*SfiMa<50~200Mi®lEHTfc 
o fz £ LT fe, JS?g22 n BWT©ia^30(ta%*iH 

<fc*«fllfc:»So -7^ ©?S250/iinJ^±©fig^*M0 

Sc££8M*«U &^&22^u«T©$#tf30f4«%Ja 
T, S?S250^DJ-X±cO^*M0i*«%WT(DeS^ 

[0 0 3 9] *»WO*3R«K^KM*0¥^» : FS{i 



50~150/im©f5BT&3 Lv 0 tK 

[0 0 4 0] JbaUfciSfc, (l)£-S>(2)3T?^Sn5 

«ia*^-r*Mg-N 1 -r^^c^t, mmus* 
ottT*««w*ci:*i^riiii:4«. tvs.t>*>. mm. 

[0 0 4 1] mc, *»WO*IRKK^O«3fi73ffite 

[0042] *mn<oimmfe&v>$mi5mi.. 

fiSiti:*5<fc3K:fPau m?L\Z7)\/3yi37,'%W%.<D 

[00 4 3]^ ±£LfcMg-R3S&&&i:N i 
J:tfR7C**if%ffll/>T, cn5.%RffaOMg-N i - 
R^^ffl^i:45J;5fcMU cn^iKfiLT^ 

^RTC^^AoLTrSjgL, CO^»»%^B4H 

tc^ig-rsc^tCcfcOMg-N i - R*£**ft»r 
§o »jfi»o?$ai«, ^rta5©ffl#f*««iiij-r*±T* 
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